Climate change threatens endangered species and challenges current conservation strategies. Effective conservation requires vulnerability assessments for species susceptible to climate change and adaptive strategies to mitigate threats associated with climate. In this paper, we used the Maxent to model the impacts of climate change on habitat suitability of Sichuan golden monkey Rhinopithecus roxellana. Our results showed that (i) suitable habitat for Sichuan golden monkey was predicted to decrease by 37% in 2050s under climate change; (ii) the mean elevations of suitable habitat in the 2050s was estimated to shift 160 m higher; (iii) nature reserves protect 62% of current suitable habitat and 56% of future suitable habitat; and (iv) 49% of current suitable habitat was predicted to be vulnerable to future climate change. Given these results, we proposed conservation implications to mitigate the impacts of climate change on Sichuan golden monkey, including adjusting range of national park, establishing habitat corridors, and conducting long-term monitoring. The potential high risk of species extinction requires us to implement adaptive conservation strategies to mitigate the harmful impacts of climate change (Arribas et al., 2012; Shen et al., 2015), and there is a pressing need to identify the species, habitats, and -
regions that are most likely to be effected by climate change (Balzotti, Kitchen, & Mccarthy, 2016) . A few approaches for assessing species' vulnerability to climate change have been developed, such as vulnerability indices (Bagne, Friggens, & Finch, 2011) , the mechanistic niche model (Schloss et al., 2012) , and the bioclimatic envelope model (Forrest et al., 2012; Willis et al., 2015) , among which bioclimatic envelope models are commonly used (Sinclair, White, & Newell, 2010) because they generally only require current species range and associated climate conditions (Rowland, Davison, & Graumlich, 2011) . Predicted shifts in the species' range under future climate scenarios can identify at-risk species (Bellard et al., 2012) and contribute essential information to prioritize conservation strategies (Foden, Young, & Watson, 2016 ).
The Sichuan golden monkey (Rhinopithecus roxellana) is a primate species endemic to central and west-central China (Li, Jia, Pan, & Ren, 2003) and is classified as endangered by International Union for Conservation of Nature (IUCN) (Long & Richardson, 2008) .
Its current habitat is restricted to elevations of 1,400-3,400 m above sea level in temperate Montane forests located in Gansu, Shaanxi, Hubei, and Sichuan Provinces (Li, Pan, & Oxnard, 2002) . Over the past several decades, the species has faced conditions detrimental to their survival, such as deforestation, tourism, and hunting (Guo, Ji, Li, & Li, 2008; Huang et al., 2016) . As a result, the population has declined more than 50% over the past half-century (Li et al., 2002; Long & Richardson, 2008) . Chinese government has implemented a number of conservation programs including the Grain-to-Green program and the Natural Forest Conservation Program (Li et al., 2013; Zhang et al., 2007) to protect and improve habitat for wildlife including the Sichuan golden monkey which serves as a recognizable flagship species for conservation in China preserve the species. At present, most pre-existing key threats and limiting factors for the species have been mitigated, and populations are now beginning to increase (Chang et al., 2012) . However, climate change will pose serious threats that will degrade and fragment suitable habitat for Sichuan golden monkey Luo et al., 2016) . The consequences of climate change on Sichuan golden monkey may pose major challenges to current conservation efforts (Luo, Liu, Pan, Zhao, & Li, 2012; Luo et al., 2015) , but are poorly understood. Therefore, it is important to investigate the potential impacts of climate change on distributions of Sichuan golden monkey so that adaptive conservation strategies can be developed to promptly respond to and reduce the impacts of rapid climate change (Guisan et al., 2013; Wheatley et al., 2017) on this endangered species.
In the present research, we used the maximum entropy model (i.e., Maxent Version 3.3.3k, Phillips, Anderson, & Schapire, 2006) to make predictions on habitat suitability, to examine the species' vulnerability to climate change, to evaluate conservation effectiveness of existing nature reserves, and to identify possible climatic refuges and corridors for Sichuan golden monkey. Based on our results, we propose appropriate conservation strategies for the species in the Qinling Mountains of China.
| METHODS

| Study area
The study site is located in the Qinling Mountains (106°30′-108°05′ E, 32°40′-34°35′ N), Shaanxi Province, China. The Qinling Mountains is considered as a natural boundary separating temperate and subtropical zones (Zhao, Zhang, & Dong, 2014) . The mountain rises to over 3,000 m, with a more gradual gradient on the south slopes; however, its north slopes are steep (Pan et al., 2001) . It is typically warmer and moister in the south slopes than in the north, and climatic conditions are largely dependent on elevation (Pan et al., 2001 ). An isolated subspecies of Sichuan golden monkey, R. roxellana qinlingensis, occupies the Qinling Mountains (Li, Chen, Ji, & Ren, 2000) . Qinling
Mountains is the northern most range of the species, and approximately 4,000 individuals belonging to 39 troops inhabit this area (Li et al., 2000 (Li et al., , 2001 . Nineteen nature reserves have been established in the area and provide protection for the giant panda (Ailuropoda melanoleuca), Sichuan golden monkey, and other sympatric species (Fang, Xu, Zhang, Xiao, & Zhang, 2017; Xu et al., 2014) .
| Data preparation
Occurrence records of Sichuan golden monkey (N = 350) were obtained from camera-trap monitoring, field surveys of nature reserves, and published literature in Qinling Mountains (see details in Appendix S1; Figure 1 ). Because these localities are from multiple unplanned surveys, the localities likely display spatial autocorrelation (Radosavljevic & Anderson, 2013) . To lessen this autocorrelation, we filtered occurrence records by randomly choosing one locality within each 1-km 2 grid (Kramer-Schadt et al., 2013; Liu, Mcshea, & Li, 2016) .
After filtering, 291 unique localities remained. To calibrate the effect of selection bias on predictive performance, we created 10,000 random points as pseudo-absence data (Phillips et al., 2009 ) from the study area excluding a buffer area which was 10 km from occurrence points of the species in the Qinling Mountains (Vanderwal, Shoo, Graham, & Williams, 2009) . Zhang, & Li, 2017) . We retained the most important biologically meaningful variables for building models.
| Habitat suitability model
Maximum entropy models (Maxent) are considered as very useful tool especially to predict species distribution with presence-only data (Elith, Phillips, Hastie, Dudík, & Chee, 2011; Phillips & Dudík, 2008) .
We ran Maxent with the following settings: random test percentage We used the area under the receiver operating characteristic curve (AUC) which is threshold-independent to measure model performance. The AUC ranges from 0 to 1, with a value of 1 signifying perfect model performance (Phillips et al., 2006) . The
Maxent output consisted of continuous values between 0 and 1 representing species' occurrence probabilities. We converted these values to presence and absence, based upon threshold values in which sensitivity equals specificity (Liu, Berry, Dawson, & Pearson, 2005; Tytar, Mezhzherin, & Sobolenko, 2015) . Cells with probability values greater than the threshold value were considered as suitable habitat for the species. We next withdrew patches with area <7.4 km 2 and distance from the nearest patch >2.1 km based on the minimum home range size and daily path length of the species (Tan, Guo, & Li, 2007) . A Mann-Whitney U-test was used to assess the difference in average suitable habitat elevation between current and the 2050s. Statistical analyses were carried out with SPSS 19.0 software (IBM Inc., New York, NY).
| Gap analysis of nature reserves
Gap analysis serves as the first step in assessing biodiversity on a coarse-filter scale Scott et al., 1993) . Suitable habitats, both current and future, were overlapped with nature reserve borders to investigate the ability of these reserves in promoting conservation through protection of Sichuan golden monkey post-climate change events (Feeley & Silman, 2016) .
FIGURE 1 Localities of Sichuan golden monkey in Qinling Mountains
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We assessed changes in available suitable habitat between the present time frame and the 2050s and specified the habitat into the following categories:
1. and (iii) percentage of increased suitable habitat area for the 2050s' (SH f ) (Duan, Kong, Huang, Sara, & Xiang, 2016; Li, Liu, et al., 2017; Thuiller, Lavorel, & Araujo, 2005) . Indicators were calculated as follows:
For the formulas above, A f is the predicted area of suitable habitat considering the 2050s' climatic scenario for Sichuan golden monkey;
A c is the predicted area of current suitable habitat; and A fc is the area of suitable habitat found for both the current and the 2050s' scenario.
| Habitat corridor analysis
Graph theory has become a popular tool for modeling the connectivity between suitable habitat patches  FIGURE 2 Predicted suitable habitat of Sichuan golden monkey under current and the 2050s' climate scenarios in Qinling Mountains Foltête, Clauzel, Vuidel, & Tournant, 2012) . We respectively used the inverse of the habitat suitability map as a resistance surface (Wang et al., 2014) and identified least-cost paths (Li, Clauzel, et al., 2017) 
| Change in suitable habitat
The area of current suitable Sichuan golden monkey habitat is 4,580 km 2 , and mainly distributed in Chenggu, Foping, Huxian, Ningshang, Yangxian, Taibai, and Zhouzhi counties (Figure 2) . By the 2050s, the areas of suitable habitat were predicted to be 2,880 km 2 with a reduction of 37% area (AC) (Figure 2 ). The mean elevation of suitable habitat in the 2050s was predicted to be 1,947 ± 332 m, which was significantly higher (Z = −22.28, P ≤ 0.001) than that of current suitable habitat (1,786 ± 362 m).
| Coverage of nature reserves
The results revealed that current nature reserves protected 62% of the current suitable habitat area and 56% of the 2050s' suitable habitat area (Figure 3 ). However, Sichuan golden monkey was predicted to suffer habitat loss across twelve nature reserves by the 2050s, with the loss of suitable habitat area ranging from 10% to 100% (Table 1) . in Ningshan county (Figure 4 ). Sichuan golden monkey will be impeded by natural and artificial barriers (e.g., rivers, agriculture, logging, and roads; Fan et al., 2011; Li et al., 2002; Sun et al., 2007) if they attempt to expand to new suitable habitats in the future. Thus, we propose proactive measures (e.g., forestry planning) to improve the connectivity of habitat, and constructing migration corridors to assist populations of Sichuan golden monkey to expand to and utilize these new habitats in the future.
| Vulnerability assessment
| Potential habitat corridors
Nature reserves are a key component in conservation, yet they are under increasing threats from rapid climate change (Gross, Watson, Woodley, Welling, & Harmon, 2015; Nori et al., 2016) . Most nature reserves were established decades ago without considering the impact of climate change (Araùjo, Alagador, Cabeza, Nogues-Bravo, & Thuiller, 2011; Li et al., 2015) , and conservation effectiveness of these reserves will be negatively affected by climate change. The results revealed that current nature reserves protected 62% of the current suitable habitat area and 56% of the 2050s' suitable habitat area (Figure 3) . However, Sichuan golden monkey was predicted to suffer more than 10% habitat loss across 12 nature reserves by the 2050s (Table 1 ). Three nature reserves (i.e., Huangguanshan, Pingheliang, and Yingzuishi) are isolated from other nature reserves and they currently protect a small population of Sichuan golden monkeys (Gao & Kang, 2007; Meng, 2008) , thus in advance of habitat corridors construction should be conservation planning for those nature reserves facing climate change.
Assessments of vulnerability can provide information regarding future impacts of climate conditions on species (Pacifici et al., 2015) , thereby allowing managers to make appropriate conservation action plans (Arribas et al., 2012 our results represented the reliable analysis of the impacts of climate change on golden species' distributions and are based on the best data available for the species. We believe that it is likely a good representation of how climate change will affect the patterns and distributions of Sichuan golden monkey's habitat.
| CONSERVATION IMPLICATIONS
As a species of public interest and national pride, Sichuan golden monkey is a focus of conservation effort (Chang et al., 2012; Huang et al., 2016; Xu et al., 2014) . 
| Establishing habitat corridors
Although we produced a map of least-cost paths for Sichuan golden monkey's movement, the establishment of all potential corridors will be a long-term process, which does not meet the urgent needs for conserve Sichuan golden monkey. Perhaps first and foremost, promoting habitat corridors should be based on (i) increasing chances for the known isolated populations to shift to larger suitable habitat patches in Taibai county (C1, C2, and C3) and (ii) assisting dispersal of population to new suitable habitat in 2050s in Ningshan county (C4; Figure 4 ).
| Strengthening monitoring on Sichuan golden monkey
Many nature reserves were in preliminary stages of adopting strategies for the repercussions of climate change when their | 7 of 11 master plans were formulated (Xu et al., 2017 
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